Functional electrical stimulation (FES) has been proposed as a potential treatment for restoring motor functions of denervated motor systems. We investigated whether FES of paralyzed laryngeal adductor muscles could restore adduction to the vocal folds. In addition, we studied the effect of stimulated vocal fold adduction on the intensity and overall quality of voice production. We recorded movement of the vocal fold, electromyographic activity of muscles recruited for vocalization, and sound production in unanesthetized decerebrate cats during FES of the paralyzed thyroarytenoid (TA) muscle. FES of the paralyzed TA muscle induced adduction of the vocal fold. Appropriate stimulus parameters for induction was 1.5-3.0 mA intensity pulses delivered at a frequency of 30-50 pulses per second (pps). FES of the paralyzed TA muscle prolonged phonation time and increased intensity of voice sounds during vocalization induced by electrical stimulation (0.2 ms, 20-50 mA, 50 pps) of the periaqueductal gray (PAG). The quality of voice sounds evaluated by sound spectrography was shown to improve during vocalization with FES. We conclude that FES of the paralyzed laryngeal adductor muscle was effective in restoring adduction of the vocal fold and improving voice sounds impaired by unilateral laryngeal paralysis.
Introduction
Recurrent laryngeal nerve (RLN) injury can cause impairment of both abductive and adductive functions of the vocal folds. Because a vocal fold is paralyzed in the paramedian position in case of unilateral recurrent laryngeal nerve paralysis, the voice becomes breathy and aspiration can occur. To eliminate these symptoms, the glottal gap caused by the adductive dysfunction of the paralyzed fold should be corrected. Currently, cordal injection or thyroplasty has been performed to reposition the immobile vocal fold back to the midline. However, these treatments ignore the long-term effects of muscle atrophy on vocal fold mass and position, important factors in voice production. The outcome from intervention also depends largely upon the experience and technique of the surgeon. To overcome the inherent limitations associated with conventional surgery, attempts have been made toward remobilization of the vocal fold using a more physiologic procedure. In particular, strategies such as nerve-to-nerve anastomosis (Brondbo et al., 1992; Sercarz et al., 1997) 
